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DERMAL COLLAGEN RESPONSE TO INJURY*
P. SETHII, M.D. AND J. C. HOUCK, Pn.D.
Local inflammation has been shown to result in
a significant decrease in the hydroxyproline, or
collagen concentration (1), of skin distant from
the site of injury (2, 3). Chemical dissection of
this tissue by sequential extraction in the cold (4)
indicated that this loss was specific for collagen,
and was confined largely to the insoluble collagen
content of skin (5, 6). The simplest explanation
for these findings is that they occur in response to
the trauma produced by local inflammation. This
explanation was tested experimentally by expos-
ing rats to other types of injury and changes in
dermal chemistry were compared with those pro-
duced by eortisol injection alone. A comparison
of these results is presented below.
MATERIAL AND METHODS
Thirty-six male Sprague-Dawley rats weighing
about 250—275 g were divided into 6 groups of 6
animals each. One group was used as a normal
control; one group was subjected to a sham adren-
aleetomy (dorsal approach); another group was
injected daily for one week intraperitoneally with
1 ml of 0.1SM NaC1; the fourth group was in-
jected subcutaneously with 0.65mg of eortisol
daily for 7 days. The fifth group was injected in-
tradermally with 0.4ml of 1.ON NaOH. The last
group was subjected to intradermal injection of
0.4ml of eroton oil. Intradermal injections of
0.4ml of saline have been shown to be without
effect upon the chemistry of skin (3, 5). After one
week, all animals were sacrificed by etherization
and exsanguination, and about 2 gm of abdominal
uninjured skin was excised, shaven and dissected
clean of adhering fat, faseia, and muscle. These
tissues were stored in the frozen state for a few
weeks at —35°C, during which time they lost
28—30% of their weight via sublimation of dermal
water (7). Lyophilization studies confirmed that
all forms of injury did not result in any significant
changes in dermal water distant from the site of
injury.
Small samples of each skin (0.5gm) were retained
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for analysis and the tissue from animals in each
group were minced and pooled. Five gm of pooled
skin were extracted sequentially in the cold with
0.15M NaCI, 0.SM NaCl and 0.50M citrate buffer
(pH 3.6). This procedure removed quantitatively
the ground substance, neutral and citrate soluble
collagens respectively as has been described pre-
viously (4).
Each extract was hydrolyzed in 4N HC1, as
were samples of unextraeted skin from each ani-
mal separately. These hydrolyzates were analyzed
in triplicate for hydroxyproline (8), hexosamine
(9) and nitrogen (7). The results were expressed
in jtmoles/gm of stored skin as the mean and
standard deviation of each analysis. The total
hydroxyproline content of individual dermal sam-
ples from each group of six animals did not vary
from the mean by more than 10%. Previous ex-
periences in this laboratory with the extractions
of triplicate samples of pooled tissue showed that
these extracts also never differed by more than
10% (5, 6). Because it is technically impossible to
extract tissue from each animal separately (a
minimum of 3.5gm of tissue being required), the
above reasons are deemed sufficient justification
for reporting on results obtained from extraction
of pooled tissues, particularly since the total tissue
content of nitrogen, hexosamine and hydroxypro-
line was determined from each animal separately.
EXPERIMENTAL AND RESULTS
No significant changes were observed with re-
spect to dermal concentration of either hexosam-
inc or nitrogen with injury. Cortisol did result in a
significant decrease in dermal hexosamine. For the
purposes of this paper, only the alterations in the
distribution and concentration of hydroxyproline
with trauma are presented in Table I. These re-
sults indicated that the changes in dermal colla-
gen content of uninjured skin distant to the site
of local inflammation, i.e. 50%decrease in neutral
collagen, 300% increase in citrate soluble collagen
and 27% decrease in insoluble collagen, were also
produced by eortisol administration, intraperi-
toneal saline injection and "sham" adrenalee-
tomy.
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TABLE I
The distribution of dermal hydroxyproline (pmoles/ym skin) in uninjured rat skin of animals
subjected to various forms of injury
Injury
Extract
O.15M NaCI O.SOM NaCI 0.5cM Citcate Insol. Total
Control
"Sham" surgery
I.P.Injection
Inflammation (cro-
tonoil)
Inflammation
(NaOH)
Cortisol Injection. . . .
7.7 .3
5.7 .2
6.0 .3
5.7 .2
6.0 .3
4.5 .2
29 1
*15 .7
*18 .9
*14± .9
*15 .9
*19 1
12 .6
*35 1
*39 2
*38±2
*33 2
*31 1
261 12
*227 11
*190 10
*190±10
*198 10
*194 10
310 15
283 12
*253 12
*248±12
*252 13
*248 12
DISCUSSION
These results suggest strongly that dermal ml-
lagen changes in uninjured skin distant from the
site of local inflammation are not unique to this
form of injury. Since dermal, insoluble collagen
decreased with all forms of injury used while der-
mal concentration of nitrogen remained constant,
these changes must be specific for coliageu, rather
than resulting from a general catabolic response
to trauma. Since insoluble nitrogen concentration
of skin remained at a constant level and insoluble
hydroxyproline decreased with all forms of injury,
a marked accumulation of a dcrmal, non-collage-
nous, sclcroprotein occurred in response to this
type of stimuli.
The amount of cortisol employed (0.65mg/
day/250gm rat) was not very large; certainly not
in the accepted "pharmacologic" dose range.
Quantitatively, the changes in the collagen con-
tent of skin produced by this amount of cortisol
were equivalent with those produced by local
crotonoil or alkali induced inflammation, daily
intrapcritoncal injections of 1.Oml of isotonic
saline, or surgical trauma.
CONCLUSIONS
Various types of injury, including inflamma-
tion, resulted in specific changes in dcrmal colla-
gen and sclcroprotcin. These changes were quan-
titatively similar to those observed with
subcutaneous cortisol administration. It is con-
cluded that decreases in insoluble dermal collagen
in uninjured skin distant from the site of local
inflammation are a result of the specific response
of this protein to injury, rather than to some
unique property of the inflammatory process
itself.
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